The large number of high-J lines of C 18 O available via the Herschel Space Observatory provide an unprecedented ability to model the total CO column density in hot cores. Using the emission from all the observed lines (up to J = 15-14), we sum the column densities in each individual level to obtain the total column after correcting for the population in the unobserved states. With additional knowledge of source size, V LSR , and line width, and both local thermodynamic equilibrium (LTE) and non-LTE modeling, we have determined the total C 18 O column densities in the Extended Ridge, Outflow/Plateau, Compact Ridge, and Hot Core components of Orion KL to be 1.4 × 10 16 cm −2 , 3.5 × 10 16 cm −2 , 2.2 × 10 16 cm −2 , and 6.2 × 10 16 cm −2 , respectively. We also find that the C 18 O/C 17 O abundance ratio varies from 1.7 in the Outflow/Plateau, 2.3 in the Extended Ridge, 3.0 in the Hot Core, and to 4.1 in the Compact Ridge. This is in agreement with models in which regions with higher ultraviolet radiation fields selectively dissociate C 17 O, although care must be taken when interpreting these numbers due to the size of the uncertainties in the C 18 O/C 17 O abundance ratio.
INTRODUCTION
The total H 2 column density is a fundamental quantity used to determine a variety of properties that are important for studies of the interstellar medium (ISM) and star formation, such as chemical abundances, the importance of (self-)shielding from radiation fields, cloud mass, and the onset of molecular freezeout onto dust grains. However, H 2 itself cannot be observed at typical temperatures (∼10-30 K) found in the cold dense ISM where stars are born. This is because H 2 is a very light molecule with widely spaced rotational transitions (ΔE u /k = 510 K for the ground state) and only has weak quadrupole transitions (H 2 has no dipole). Therefore, one often turns to thermal emission from dust or spectral line emission from CO as a proxy for the H 2 column. Unfortunately, the presence of sharp excitation gradients (density/temperature) toward massive star-forming regions severely complicates the determination of total column density from the dust emission (e.g., Goldsmith et al. 1997; Shirley et al. 2011) and one also has to rely on an uncertain but canonical dust-to-gas conversion ratio. In addition, since CO is often optically thick, especially toward the highest column density regions in molecular clouds, where stars are born, the total H 2 column density is often poorly constrained. An additional complication arises due to the fact that CO is depleted onto dust grains in cold (T < 20 K) dense clumps (e.g., Bergin & Tafalla 2007; Acharyya et al. 2007 ). However, in warm (T 20 K) gas surrounding massive or even low-mass protostars (so-called Hot Cores and Hot Corinos), depletion is not a factor and the rarer isotopologues ( 13 CO, C 18 O, and C 17 O) can be used as total column density tracers.
The method we have isolated draws upon that suggested by Goldsmith et al. (1997) and offers an unprecedented opportunity to derive this fundamental quantity in a model independent fashion. The basic idea is simple and elegant. For an optically thin line the observed integrated emission is proportional to the column density in the upper state (N u ). This quantity can be derived without any assumptions regarding density or temperature. If you observe enough transitions of C 18 O, one can simply estimate the total column from N tot = f c N u , where f c corrects for the missing population. Typically, one observes low-J (J u < 3) lines from the ground and then assumes that all the rotational levels are populated according to some assumed partition function (often based on the Boltzman equation with a single excitation temperature). In high-mass star-forming regions in the presence of Hot Cores, the temperatures can be >100 K and the densities can be >10 6 cm −3 . Under these conditions, the higher-J states can be significantly populated and an estimate of the total column density based on only a few low-energy transitions can be seriously in error. With the Heterodyne Instrument for the Far Infrared (HIFI) instrument on board the Herschel Space Observatory, we have access to >6 C 18 O transitions with J 5 ( + ground-based low-J lines), and under these conditions the correction factor f c becomes quite small.
In this paper we demonstrate the utility of the Herschel/ HIFI observations of C 18 O to obtain the total molecular column densities in Orion KL. Orion KL has been the target of numerous millimeter and submillimeter line surveys (e.g., Blake et al. 1987; Comito et al. 2005; Persson et al. 2007 ) that have revealed and confirmed the presence of several distinct components along the line of sight. The Extended Ridge is a fairly cool (T K ≈ 40 K), quiescent (V LSR ≈ 8 km s −1 in the south to ≈10 km s −1 in the north with ΔV FWHM ≈ 3-5 km s −1 ), extended (≈180 ) ridge of gas. The Outflow/Plateau is warmer (T K ≈ 100-150 K) and smaller (≈20 -70 ) than the Extended Ridge and has two distinct kinematic components-a highvelocity component (ΔV FWHM > 30 km s −1 ) centered slightly north of IRc 2 (Wright et al. 1983 ) and a low-velocity component ΔV FWHM 18 km s −1 ) which is centered on IRc 2 itself (Plambeck et al. 1982) . In this paper we focus on the lowvelocity component since, in our data, we see little evidence for C 18 O or C 17 O emission from the high-velocity component. The Compact Ridge has similar kinematics to the Extended Ridge (ΔV FWHM ≈ 3-5 km s −1 and V LSR ≈ 8-10 km s −1 ) but is spatially distinct, smaller (25 ), and hotter (T K ∼ 125 K; Bergin et al. 1994) . The Hot Core is the smallest and hottest of all the components (10 and ≈150 K, respectively), and is also kinematically distinct from the other components-with V LSR = 3-4 km s −1 and ΔV FWHM ≈ 9 km s −1 . The Hot Core is centered ≈2 from IRc 2 and is heated internally by young massive protostars.
In Section 2 we describe our Herschel observations, while in Section 3 we present and discuss our modeling and results, including a detailed discussion of the uncertainties on the derived columns, which we estimate to be generally less than 25%. We summarize our results in Section 4.
OBSERVATIONS
The observations presented here were taken as part of the Herschel/HIFI Observations of EXtraOrdinary Sources (HEXOS) Guaranteed Time Key Project on the Herschel Space Observatory (Bergin et al. 2010) . A detailed description of these observations is given by Bergin et al. (2010) but, in summary, the observations were carried out using the dual beam switch mode pointed toward the Orion Hot Core at α J2000 = 5 h 35 m 14. s 3 and δ J2000 = −5
• 22 36. 7. We used the Wide Band Spectrometer providing a spectral resolution of 1.1 MHz over a 4 GHz intermediate frequency bandwidth and only use the data from the horizontal polarization (due to excess noise seen in the vertical polarization data). We applied the standard HIFI deconvolution using the doDeconvolution task within the Herschel Interactive Processing Environment (Version 5.0) and all data presented here are deconvolved single sideband spectra. In addition, the standard HIFI beam efficiencies (η mb ) have been applied so that all data are presented and modeled as main beam temperatures where 
RESULTS AND DISCUSSION

Modeling the C 18 O Line Emission
To obtain the total C 18 O column density from a single transition, a typical assumption is that the emission is optically thin and in local thermodynamic equilibrium (LTE). In this case, the integrated intensity is linearly related to the column density in the upper state (N u ). The total column density (N tot ) can be estimated with a partition function based on the Boltzman equation and a single excitation temperature. Alternatively, one can use a more sophisticated non-LTE modeling technique in which the coupled equations of radiative transfer and detailed balance are solved together. Here it is typical to simply adjust the total column density until the model integrated intensity matches the observations. Large velocity gradient (LVG) and other publicly available codes such as RADEX (van der Tak et al. 2007 ) are often employed for this task.
With observations of multiple transitions, however, the situation becomes a little more complicated. The most direct method to obtain N tot would be to observe every possible transition, calculate the N u in each upper state, and simply sum them all to obtain the column in all levels. This is quite powerful because it is a temperature and excitation independent measure of the total column. In practice, however, this is difficult to do due to high atmospheric opacity at many wavelengths and finite telescope time. A more typical case is the observation of just a few transitions from a single molecule which can be compared to a grid of models (each with a different N tot ) to identify the model which gives the best fit to the observed line intensities via a χ 2 minimization technique (see, for example, Plume et al. 1997) . The "best fit," however, is not always a good fit, since a single N tot solution may not match the observed line intensities for all transitions.
With the HIFI instrument on board the Herschel Space Observatory, however, we have access to seven high-frequency C 18 O transitions (see Table 1 ) and, combined with lower frequency ground-based observations, have a unique opportunity to directly calculate the total C 18 O column density in Orion KL. Rather than using a χ 2 minimization technique, we have taken a slightly different approach based on a technique sug- Note. Information obtained from Blake et al. (1987) , Genzel & Stutzki (1989) , and Bergin et al. (1994) .
gested by Goldsmith et al. (1997) . We derive N u for each of the nine observed transitions (seven Herschel lines and two from the CSO). Orion KL is known to have different physical and kinematic components which, combined, produce the overall observed line profile. The physical parameters used to describe and model these components are given in Table 2 . For each transition we vary the upper state C 18 O column density (N u ) for each of the four components until we produce the best overall line profile. The spectra and model fits are shown in Figures 1  and 2 .
The spectral modeling was done in two ways. We first adopt LTE, as implemented within WEEDS (Maret et al. 2011 ; part of the CLASS data reduction and analysis software package) and, second, we used the RADEX non-LTE code (van der Tak et al. 2007) , as implemented within the CASSIS data analysis package 9 . Both approaches model the line intensity and profile taking into account the beam filling factor by coupling the source size to the telescope beam size as a function of frequency, the kinetic temperature of the gas, the source velocity, and the line FWHM. The RADEX model also requires the source density.
When modeling the C 18 O emission in Orion KL, great care must be taken to identify other molecular species that may be contaminating the observed spectral line profile. To do so, we used the Cologne Database for Molecular Spectroscopy (Müller et al. 2001 (Müller et al. , 2005 and Jet Propulsion Laboratory (JPL; Pickett et al. 1998) databases. In most cases, the spectral line profile was well fit solely by C 18 O emission from the four components of Orion KL. However, in some cases, additional species contributed to the observed profile at frequencies offset from those of C 18 O and, in a few specific cases, to the emission at similar frequencies to C 18 O. In these latter cases especially, the contributions from each of the contaminating species had to be carefully modeled in order to extract the true contribution from C 18 O. , middle right) seems, at first glance, to have no other spectral components, there is emission from 33 SO 2 that occurs at similar frequency to that of C 18 O and thus contributes to the overall emission. Sulphur bearing species are thought to be tracers of outflows from young stellar objects and, therefore, using N( 34 SO 2 ) = 5. , and for the sum of all four components, including emission from species other than C 18 O (dashed black). For C 18 O 7-6 the features at 768.205 and 768.315 GHz are CH 3 OH and 13 CH 3 OH, respectively. In the C 18 O 8-7 panel, the feature at 877.97 GHz is due to numerous transitions of CH 3 OCH 3 . For C 18 O 11-10 there is SO 2 emission that contributes slightly to the overall profile (and to a feature at 1206.58 GHz). The additional feature at 1206.79 is most likely due to NHD 2 . In the C 18 O 15-14 panel, the feature at 1644.4 GHz is probably CH 3 OH which also contributes the majority of the emission at the C 18 O frequency. (A color version of this figure is available in the online journal.) bulk of the emission at this frequency. Additional emission at 1644.4 GHz may be contributed by D 34 2 S which is not modeled in this figure. C 18 O itself is a minor contributor to the overall spectral line profile at 1644 GHz. The C 18 O 17-16 spectrum is not shown since there was no detectable emission at this frequency.
From the modeling process described above, we obtain N u for each transition in each line-of-sight component. We then estimate the total column from N tot = f c N u , where f c corrects for the missing population. Figure 3 shows a calculation of f c for our observed C 18 O transitions. This calculation is performed using an LVG model with a total column density of 5 ×10 16 cm −2 (adjusting the column density between 10 16 and 10 17 cm −2 changes f c by less than 1%), densities of 10 5 , 10 6 , and 10 7 cm −3 , and temperatures spanning 10-400 K. At each temperature the code solves for the populations in the first 18 rotational levels. We then sum the fractional populations in the levels that we have observed (i.e., J u = 2, 3, 5, 7, 8, 9, 11, and 15) which provides the fractional population in all observed levels (f obs ). The correction factor which we apply to obtain the population in all levels is then given by f c = 1/f obs . Based on this calculation, Figure 3 shows that if we are probing gas with 10 K < T < 400 K, then simply summing up the integrated emission of C 18 O detections provides an estimate of the total C 18 O column to within a factor of <2. The correction factor at T > 100 K is higher for higher density gas since the combination of high temperature and density means that states higher than J = 15 can become significantly populated. At lower temperatures, much of the population resides in the J = 0, 1, and 2 states and, therefore, the high-J states that we have observed do not significantly contribute to the overall population. Table 3 shows the summed column density in the observed states ( N u ), the correction factor (f c ), and the total C 18 O column density (N tot ). Scaling the C 18 O column densities in Table 3 by the canonical CO:C 18 O abundance ratio of 500, we find that our CO column density in the Extended Ridge is approximately 2-3 times lower than that tabulated in Blake et al. (1987) . Since Blake et al. do not provide a separate column density for the Compact Ridge, it may be that their tabulated CO column density incorporates blended emission from the Compact Ridge as well. The combination of the Extended and Compact Ridge column densities listed in Table 3 results in a CO column density of 1.8×10 19 cm −2 which compares favorably with Blake et al.'s CO column density of 1.5 × 10 19 cm −2 . Our calculations of the CO column density in the Outflow/Plateau and Hot Core, however, are ∼3 times larger than those listed in Blake et al. (1987) . This could be a result of the fact that Blake et al. calculated the total CO column density based on only two low-energy transitions, C 18 O 2-1 and C 17 O 2-1. Since the gas temperatures in the Outflow/Plateau and Hot Core are >100 K, a calculation of the total column density based on only these low-energy lines may severely underestimate the actual amount of hot gas present. Comito et al. (2005) observed the higher energy 8-7 transition of C 18 O (877 GHz) and found a rough estimate of 1.7 × 10 17 cm −2 . While they assume that the C 18 O 8-7 emission comes mainly from the Hot Core and make no attempt to separate the contributions from the different physical components, their total column density compares favorably to the sum of the four components listed in Column 4 of Table 3 (i.e., 1.3 × 10 17 cm −2 ). In the last column of Table 3 we have scaled the C 18 O column density up by a factor of 500 × 10 4 to obtain the canonical H 2 column density in these regions.
Finally, it should be noted that the total C 18 O column densities determined from the LTE and non-LTE modeling were identical to within 5%-10%. This suggests that, for the high densities in the various Orion KL components, LTE is a reasonable assumption. Thus, since the C 17 O collision rates have not yet been included within the CASSIS implementation of RADEX, we present only the LTE results for consistency. Figure 4 shows the comparison between an LTE model and the line intensities (T * R ) extracted for each of the line-of-sight components (see Figure 2 ). The LTE model for each component was produced using the C 18 O column densities listed in Table 3 and the physical conditions listed in Table 2 . The "dip" between J upper = 3 and 5 in the Compact Ridge and the Hot Core is a result of switching from the CSO (a 10.4 m telescope) to Herschel (a 3.5 m telescope) in our observations of these warm, compact objects. Thus, between J upper = 3 and 5 there is a large change in the beam filling factor. Since the Extended Ridge and Outflow/Plateau are extended objects, beam filling factor is less of an issue. It is quite remarkable that, except for the Outflow/Plateau, a simple LTE model fits the observations over a wide range of transitions and energies. The relatively poor fit to the Outflow/Plateau may be a result of the allocation of intensity to the various line-of-sight components. We clearly underestimate the J = 3-2 component which may be a result of the relatively low signal-to-noise ratio (S/N) in the J = 3-2 spectrum that may be masking the J = 3-2 emission from the outflow. In the mid-J states (i.e., J = 7-11), we seem to be attributing too much emission to the outflow which simultaneously underestimates the emission coming from the Compact Ridge and Hot Core. These Outflow/Plateau intensities, however, were required to fit the extended "line-wing" emission seen in Figure 2 and, thus, cannot be reduced significantly without reducing the quality of the overall fits. One possible solution, however, would be to model the high-velocity and the lowervelocity components separately-effectively using five line-ofsight components.
Modeling the C 17 O Line Emission
Using the same technique applied to the C 18 O data, we have also fit the C 17 O transitions (Figures 5 and 6 ) and calculated the total C 17 O column densities in each of the four physical components in Orion KL, as well as the C 18 O/C 17 O abundance ratios (see Table 4 ). The correction factors for C 17 O are higher Table 3 and the physical conditions listed in Table 2 . The points indicate the best component fits to each of the individual transitions (shown in Figure 2 ). Error bars reflect the observational uncertainties discussed in Section 3.3 except in cases where these "percentage" uncertainties are smaller than the noise. In these cases, the error bars reflect the 1σ rms noise. than for C 18 O since, without the ground-based 3-2 observations, we have one less observed transition. This is most noticeable in the Extended Ridge component because, at 40 K, the bulk of the population will be in the states with J < 7.
While the C 17 O 7-6 spectrum ( Figure 6 , top left panel) is seemingly simple to analyze, it is actually the most problematic of all the spectral lines in this study due to the presence of strong H 2 CO emission which must be modeled in order to obtain the true intensity of the C 17 O lines. Comito et al. (2005) find ortho-H 2 CO column densities in the Hot Core and Compact Ridge of 2 × 10 15 . The transition at 786.28 GHz, however, is the 11 0,11 -10 0,10 , which corresponds to para H 2 CO. Therefore, we reduce the model column densities by a factor of three (the ortho-to-para ratio) and then model the C 17 O line intensities concomitantly with the para-H 2 CO lines. In the C 17 O 8-7 spectrum (Figure 6 , top right panel) the additional spectral feature at 898.5 GHz is likely a blend of S 2 O, v = 0 lines, whereas the feature at 898.55 GHz may be due to emission from NS. The only transitions listed in the catalogs that fall at the C 17 O 8-7 frequency and have an energy less than 700 K belong to PO 2 and HCCCH 2 OH. However, neither of these appear to contribute significantly to the observed line profile. For C 17 O 9-8 ( Figure 6 , middle left panel), the extra features in the spectrum, as well as the asymmetric shape of the main feature, are due to numerous CH 3 OH transitions. We have modeled the CH 3 OH as arising from the compact ridge with column densities of 2 × 10 17 cm −2 which allows us to fit the blended C 17 O and CH 3 OH lines as well as the two lines on the right side of the figure. Although this is higher than the 5 × 10 16 cm −2 found by Comito et al. (2005) , we still under-fit the latter two features. However, raising the CH 3 OH column above 2 × 10 17 cm −2 results in too much emission in the blended components, and requires us to reduce the C 17 O column densities to unreasonably low values. Thus, we choose 2 × 10 17 cm −2 as a reasonable compromise for the methanol column density. In the C 17 O 10-9 panel ( Figure 6 , middle right panel) there are no additional molecular transitions that likely contribute significantly to the observed line profile. In the C 17 O 11-10 panel ( Figure 6 , bottom left panel) the small "hump" to the left (near 1234 GHz) may be a contribution from a vibrationally excited SO 2 line or, possibly, four hyperfine lines of H 2 Cl + . The C 17 O 13-12 emission ( Figure 6 , bottom left panel) is only an upper limit since no significant emission was detected. If we eliminate this line from our analysis, we change the total C 17 O column density by <3% in the hot core, <2% in Compact Extended ridge, and <1% in the Outflow/Plateau and Extended Ridge. Table 4 also lists the resultant C 18 O/C 17 O abundance ratio (hereafter referred to as R) and shows that R varies in Orion: from 1.7 in the Outflow/Plateau, 2.3 in the Extended Ridge, 3.0 in the Hot Core, to 4.1 in the Compact Ridge. While the terrestrial ratio is 5.5 (Heikkilä et al. 1998) , there is some discrepancy in the interstellar values. For example, Penzias (1981) measured R ≈ 3-4 in a number of giant molecular clouds (e.g., SgrA, SgrB, W33, W51, M17, DR21, Ori A, NGC 2024, W3, NGC 7538), Wouterloot et al. (2008) found R = 4.1 in ρ Ophiuchus, Wilson et al. (1981) finds R = 2.9 in three dark clouds, and Ladd (2004) finds R = 2.8 in Taurus.
In the latter paper, Ladd (2004) has assumed a model in which two distinct phases exist: an inner region in which both the C 18 O and C 17 O are well shielded from ultraviolet radiation, and an outer "sheath" in which the C 17 O has been selectively dissociated. Thus, in this model, higher values of R may be found in regions with stronger UV radiation fields. This may help explain the variable ratios in our data since the Hot Core and Compact Ridge have higher temperatures, likely due to their more intimate association with the embedded sources in the vicinity of the Hot Core (such as the UCHII regions "I" and "L" -Menten & Reid 1995; Gezari et al. 1998 ) and, thus, may be more directly impacted by the radiation field. Note, however, that given the size of the uncertainty in R, no definitive statement can be made.
Observational Uncertainty
Because of the use of a large number of rotational transitions that span the range of excitation (from weak-to strong-to weak), our estimates of the total column and isotopic ratios represent the best effort to date to derive these fundamental quantities. It is thus worthwhile to discuss the various sources of uncertainty that are present in our data or are placed in the derivation due to our assumptions. A primary uncertainty inherent in millimeterand submillimeter-wave data is the telescope efficiency which corrects for telescopic and atmospheric losses. As a space-borne platform Herschel minimizes many of these uncertainties and the absolute calibration error is likely below ∼15%.
Our assumptions regarding excitation provide a large source of uncertainty. As discussed earlier, we have explored both LTE and non-LTE analyses for our data and find only a small difference of 5%-10%. This is important as we have assumed optically thin emission for our LTE analysis. However, from our non-LTE analysis, we have found that all C 18 O and C 17 O lines in all components are optically thin. In fact, the largest opacity is 0.33 and is found in the C 18 O J = 5-4 transition in the Extended Ridge. All other components and lines have lower opacities. In particular, the Compact Ridge and Hot Core both have τ 0.15 for all transitions of C 18 O, and the Outflow/Plateau has τ < 0.1 (again for all C 18 O transitions). Thus, the small change between the LTE and non-LTE results are probably due to the fact that the transitions are optically thin and, given the densities in Orion KL, most transitions are likely in LTE or at least close to it.
The largest source of uncertainty in our estimates of the total column is introduced by the uniform source size for a given spatial/velocity component. If we decrease the size of all components by 20%, we expect to have to increase the column densities in order to appropriately refit the spectral line profiles. In fact, the column density needed to fit the Extended Ridge does not change, due to the fact that the reduced size of this source is still larger than the Herschel beam at all frequencies. The column density of the Outflow/Plateau increases by only 6%, again due to the fact that the reduced source size is still larger than the Herschel beam. The Compact Ridge and Hot Core column densities, however, increase by 34% and 24% since their extent is smaller than the beam at many of the observed frequencies. If we increase the size of each component by 20%, again, the column density in the Extended Ridge does not change. However, the column densities in the Outflow/Plateau, Figure 6 . Spectra (histograms) and results of LTE modeling of the C 17 O J = 7-6 (∼786.280 GHz), J = 8-7 (∼898.522 GHz), J = 9-8 (∼1010.731 GHz), J = 10-9 (∼1122.902 GHz), J = 11-10 (∼1235.031 GHz), and J = 13-12 (∼1459.148 GHz) transitions in Orion KL (frequencies are approximate since C 17 O has hyperfine components). Results are shown for the Extended Ridge (solid blue), Outflow/Plateau (dashed blue), Compact Ridge (solid red), Hot Core (dashed red), and for the sum of all four components (dashed black) including emission from species other than C 17 O. (A color version of this figure is available in the online journal.)
Compact Ridge, and Hot Core need to be decreased by 10%, 16%, and 21%, respectively.
The total error budget must, therefore, include the 15% HIFI calibration error, a ∼7.5% error introduced by using LTE models, and the column density errors introduced by 20% variations in source size. The uncertainties presented in Tables 3  and 4 , thus, reflect these errors added in quadrature.
CONCLUSIONS
Using the HIFI instrument on board the Herschel Space Observatory, we have observed C 18 O 5-4, 7-6, 8-7, 9-8, 11-10, 15-14, and 17-16 and C 17 O 7-6, 8-7, 9-8, 10-9, 11-10, 13-12, 15-14, and 16-15 . Combined with C 18 O 3-2 and 2-1 and C 17 O 2-1 observations from the CSO, we have calculated the total C 18 O and C 17 O column densities in the four major line-of-sight components in Orion KL: the Extended Ridge, the Outflow/Plateau, the Compact Ridge, and the Hot Core by fitting model line profiles to each transition. The model fits provide the column density in each upper state which are then summed to produce the total column density (after correcting by the population fraction in the unobserved states). With the large number of transitions available to HIFI, the correction factors are less than a factor of two in gas with temperatures >100 K. Thus, this method provides a more accurate calculation of the total column density in warm gas than can be obtained by observing only a few, lower energy transitions accessible from the ground.
Using this method, the total C 18 O column densities in the Extended Ridge, Outflow/Plateau, Compact Ridge, and Hot Core components of Orion KL is 1.4 × 10 16 cm −2 , 3.5 × 10 16 cm −2 , 2.2 × 10 16 cm −2 , and 6.2 × 10 16 cm −2 , respectively. These total columns will be useful to derive abundances for numerous species in this prototypical massive star-forming region. In addition, the total column can be used in studies of dust emission to constrain the overall emission along the line of sight and hence constrain the combined effects of dust column, thermal gradients, and mass opacity corrections.
We also find that the C 18 O/C 17 O abundance ratio varies from 1.7 in the Outflow/Plateau, 2.3 in the Extended Ridge, 3.0 in the Hot Core, and to 4.1 in the Compact Ridge. This suggests a model in which regions with higher ultraviolet radiation fields may be selectively photodissociating C 17 O.
